Abstract.-A penicillinase plasmid from Staphylococcus aureus and three of its derivatives, all previously identified as extrachromosomal genetic elements, have been isolated in high yield as circular duplex DNA molecules. The wildtype plasmid was found by contour-length measurements of electron micrographs to have a molecular weight of 18.6 X 106 daltons. Two plasmids with deletions encompassing six and eight of the eleven known plasmid cistrons had molecular weights of 16.4 X 106 and 15.3 X 106 daltons, respectively. This information was used to establish approximate physical distances for the genetic map. A high-frequency transducing element also derived from the plasmid had a molecular weight of approximately 24 X 106 daltons. Although each plasmid preparation appeared homogeneous by ultracentrifugal analysis, electron micrographs always revealed the presence of a low percentage of complex oligomeric forms, particularly circular and catenated dimers.
There is considerable evidence indicating that many strains of Staphylococcus aureus harbor extrachromosomal factors responsible for resistance to penicillin.1 2 These elements, collectively known as penicillinase plasmids, have been found to contain structural and control genes for penicillinasel as well as genes for resistance to erythromycin3 and to a series of inorganic ions.4 5 On the plasmid genetic map, the resistance genes appear to be grouped, and topographically separate from a region essential for plasmid autonomy a region involved in plasmid maintenance, compatibility, and replication (mcr).1
Deletions of plasmid segments occasionally occur as a consequence of plasmid transfer by transduction.6' 7 Examination of residual markers for a series of independent deletions of the same parental plasmid, P1258, has permitted the construction of a linear deletion map with the mcr region at one end and the marker for the locus of erythromycin resistance (ero) at the other. 6 Since linkage between the two end markers has been demonstrated in recombination studies,6 the over-all genetic map, as shown in Figure 1 , is circular.8
In addition to deletions, a high-frequency transducing element, P1 ide, has also been studied. In this element a large segment of the plasmid genome has been replaced by a section of the genome of the transducing phage, P11.9 The phage moiety of this derivative element is cryptic, but is demonstrable by its ability to complement and rescue markers from superinfecting P11 mutants. Although strains harboring P1lde give rise to high-frequency transducing lysates for erythromycin resistance after superinfection with P11, the composite element appears to lead an autonomous, plasmid-like existence. 9 FIG. 1.-The circular genetic map of a penicillinase plasmid. Although the sequence of genetic markers is assumed to be accurate, the relative distances between them are approximate and are based primarily on the contour lengths of plasmid deletions presented in Table 1 . The extent and location of these deletions and others used to establish marker orders are represented on the genetic map as dashed lines. The genome of the wild-type plasmid, PI258, including all of its known markers is shown as a heavy circle. PenB, penI, penZ are two control loci23 and the structural locus for penicillinase, respectively; asa, asi, bis, cad, lea, and mer are determinants of resistance to arsenate, arsenite, bismuth, cadmium, lead, and mercuric ions, respectively; ero is a locus for erythromycin resistance and mer is a region involved in plasmid maintenance, compatibility, and replication.2' 5, 6 Thus, deletion PI258 pen 102 (contour length 7.6 it) lacks markers penB, penI, penZ, asa, asi, bis, cad, and lea, while deletion P11147 ero 15 (contour length 8.1 ,u) lacks markers ero, penB, penI, penZ, asa, and asi. Pllde (12.2 it) lacks all markers except mcr and ero. The wavy line represents material derived from the phage genome.
We report here the isolation of covalently closed, circular DNA from four strains of Staphylococcus harboring, respectively, the wild-type parental plasmid (PIJ8), two of its deletions, and Pl1de. The molecular weights of these four species of circular DNA are correlated with the genetic lengths of the respective elements and permit the construction of a partial physical map. RNase stock solutions, containing 1 mg/ml of nuclease in distilled water, were heated to 800 for 5 min prior to use.
Nitrocellulose chromatography: Hercules nitrocellulose "cubed 1/4 SEC" was obtained from Randolph Products Co., and was thoroughly ground in 2 X SSC'0 with a mortar and pestle. The ground nitrocellulose was packed under pressure (3 psi) in a 2-cm diameter column to a final bed volume of 30 ml. This was washed with 500 to 600 ml of 2 X SSC in order to remove all traces of contaminating UV-absorbing material. Nitrocellulose chromatography was performed at room temperature.
Preparation Results.-Preparation and properties of plasmid DNA: The preparative procedure is based on the resistance of covalently closed circular duplex DNA to alkali denaturation. With slight modification we have found this technique to be generally applicable to the preparation of circular DNA from a variety of sources, the largest molecule thus far isolated having a molecular weight of 25 X 106 daltons and the smallest 1 X 106 daltons.'6 The penicillinase-plasmid preparations described here were 80-100 per cent form I, showed a single sharp peak with a buoyant density of 1.690 gm/ml in CsCl density gradient centrifugation, and could be resolved into pure form I and II by ethidium bromide CsCl density gradient centrifugation.'7' 18 An electron micrograph confirming the circularity of these molecules is shown in Figure 2A .
Molecular weight of the wild-type plasmid and deletion mutants: Contour lengths and calculated molecular weights of circular DNA molecules isolated from four staphylococcal strains, including two with plasmid deletions, are given in Table 1 . A correlation between contour length and extent of deletion is illustrated in the form of a genetic map in Figure 1 . Also included in Figure 1 is the contour length of Pllde, which is greater than that of the wild-type plasmid, but not as great as that of P11 phage DNA (14.4 1A). Figure 2B , C, and D.
Discussion.-Our conclusion identifying DNA rings isolated from certain strains of S. aureus with penicillinase plasmid genomes is based on two considerations: (1) We have been unable to obtain circular DNA from a plasmidnegative derivative of the strains examined, and (2) the contour lengths of the DNA species isolated are proportional to the genetic lengths of the corresponding plasmids. Based on a molecular weight for 4X174 RF of 3.4 X 106 daltons, our measurements of the wild type and two deleted plasmids correspond to molecular weights of 18.6 X 106, 16 .4 X 106, and 15.3 X 106 daltons, respectively. These two deletions, which are partially overlapping, together account for nine of the eleven known plasmid markers (see Fig. 1 ). Since the larger deleted plasmid lacks six known cistrons and the smaller lacks eight, the average size of each of these cistrons is about 600 nucleotide pairs. On the basis of this average it appears that the nine cistrons involve no more than one fourth of the plasmid molecule. The only plasmid cistron whose product is known is that for penicillinase, an enzyme consisting of a single polypeptide chain of 256 amino acid residues. 22 -. -; . > --{ 0 ; --' i ; ' ---' -: e ' : ' --,:. r-x4, :.
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Transducing particles for two of the four elements studied, PI258 and Pilde, have been found to have the same buoyant density and sedimentation rate as P11 plaque-forming particles,2' indicating that the phage heads contain a fixed amount of DNA. Since all of the elements studied are smaller than the P11 genome (molecular weight about 28 X 106 daltons), the transducing particles might also contain phage DNA fragments, host chromosome fragments, or redundant or multiple plasmids.
In conclusion, the isolation of plasmid DNA promises to aid greatly our genetic and biochemical studies aimed at understanding both the mechanism of generalized transduction and the control of plasmid replication.
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